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A FRELIMINARY THEORETICAL STUDY OF AERODYUSMIC
INSTABTEITY COF A TWO-BLADE HELICOPTER ROTOR

By Robert P. Colemen =nd Carl W. Stempin
SUMMARY

A theory hes been doveloped in preliminary Form which ssems
cepavle of wpredinting the serodynamic instabllity prenomena of &
two-2lade uee-paw-type helicopter rotor. In particwlar, the theory
Indicates the poseibility of unstable vibrations even with the
chordwise centexr of mass at or ahead o the 29-percent-chord
position.

The stebility condition for oscillatory moticon is expressed
1z terms of 8 gmell nuaber of composite parametsrs that are evalu-
eted from the moments of inertis, sngle settings, and sercdynsmic
paremsters of-a blads.. , . '

Somputed stability results for different coning angle settings,
conter-of -mass poslt:oms, ani control-syetem stiffnesscs for :
ong velus of blede donsiity and mspect retio are preseniod in 2
chert.

It is found that, in eddition to pavamsters anaslozcns to ,
those occcurring in wing-flutter thocry, the present ths oy cont.:ins
e, parampter that represents an. umstabilizing effect dus te the dif-
forence between the momgnts,of inertis in flapping end in rotatlon.

INTRODUCTION

Tus prasont proliminery papor presexts eoms mumeriecal results
of flutter calculaticne for & two-blade helicoptor. The results
gre publishod in preliminary form in crdsr to make them more gquickly
avarlable for possible epplication to ths study of the rhsnomencn

SR
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of blads "wesving," which is apparsntly sn ssrodynamic instsbility
and hes besn cellied wesving from the sppearance of the wavy path
traced by the blade tips. The genersl method, which is ga exton-
pion of tha method of rafsrence (1) ; 18 to ba trested in more

doteil in & lster report. Derivaticns and discussions of the method
heve consequently been largely cmitted in the presont paper. Sovoral
effects are omitted which undovbtedly influemco ths quantitativas
results but ars bslisvsd to bo mwnessential in s preliminary study
of treada, '

METHOD OF ANALYSIS

The computations sre intended to spply to a halicopter having
two rigilly connocted bhlades sot at a coning angle and pltch cotblng
with rospsch to each ovhor, The combined bladeos arc trestod ss g
singlo rigld body having threo dsgroos of freedom in rotation sbout
8 fixed point at tho hub,

Tho sir forcoa sro obinined from & blade-sloment snalysis
using tho wing flubtor thoory of roforonce 2 but using the thoo-
recical stoady state value for tho slope of the 1ift curvo instead
of tho camplox function F + 1G. The offoct of s flexitlec control
syetem is reprooented by £ spring in tho blads festhoring dogros
of Preodomn.

In the sir-force torms, the noncilrculstory snd the circulatory
terms aro considerod soparately. Tho noncirculatory torma arc
wroetod a8 spparent edded mass snd moment of inertia end eorbined
with “he actual blade mass to obtain resulbant blado, centor-of-
mase and momorbt-of-inortis parametors.

The ocuations of motlon are cbiained by Tirst writing tho
Euvler oquations of motion for each blado, considorcd as a rigid
body robabing obout s fixed point. The sir-forcc terms aroc cxpressod
in terms of the sngular-volocity compononds that oceur in Bulerfa
couations,

Thoe equutions for two blades aro thon o rlinad in a way to
reorageat & @inglo risld body. The two blados aro Jointed ot
fixed sngies with resiect to ecch other and in such a way that the
respectiveo lined of center of mase Intersget in a point at the Lvb,
Tho rooriirele axes of ETulorts sguations sre then trazngfo-rd to
asne rotasiig vniformly with 4i:o mean blade mobion. A srring-
gtiffness term is then inesrted to reprosens tho offect of tao con-

trol syataom,
e ke Loy b
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¥hen the varlous phyelcal parameters have been samblned inso
a emziler -~umber of composits parameters to ba defined in “he £2i-
lowing saction cf “he repxt, the «-c'uations of motlon in mﬂ‘_ X
Torm ‘n:,uor:xe" G

D o 7 1T T 17 0
G+E, T, O t% o) gt o ol
V-4 5+H O 1 20f+q0 0 ofslaf=o

D
2 21 o o ojly
Lo o Zemgllo o Z} | 13
vhers

e, B, 7 feathering, flapping, arnd lsgglng angles, raspectlvely

l”

d
:D .
T db
Q meen angwlisr velocity of rotor
and the c-the:j gyubole are, defined in the gechtion, Physical Prrexncstera,

I zolubants are asamred of thae form

= Asexm
o A gMudE
B
A%
7 = A,/e

wagro, -A3 . ILS, Ay are constan-e, the d.*‘term_naﬁtc‘l eqml,.hon Tor
obtaining the values of X\ 1is
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A2 4 Bph o+ Iy + Rp! .x(l-IA‘)-HD 0
AL - Ip) + Ep A2 + Hgh + Ip o . {=0
0 _ 0 22 + Egh

The equaticn ehows that the ¥ degree of freedom le independent
of the othere and need not be considered in the etabllity computa-
tione.

If the determinantal equatlion ie expanded, a guartic In A 1=
obtained of the form

?uh+a},3+'b?\.2+ck+d=0 (1)
vhere
a = Hg + Hyp
b= Tp + Hgp + Iy + Ko + (1 - 3) (T - Ip)
¢ = Tgiy + (In + Kp*)Bp + (1 - Ip)ip + (1 - Ty)Hp
a = (Ip + Kp¥)Ip + Epip

for which the lmportant stablliity condition for cecilleitory motion
ie

c:2 - 8bc 4+ 32d<0

or

Bl + (B + o) (1 g - TaT) o - (p+Bp)° (1~ ! < O
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Tale can be written

-
. ! 3;,\ f. %- 2
KBEEBED Eg® + {1+ =~ le --ED -1+ -F \i<0 (2)

) \ s / _[

The critical cordftion for ddver-ence le recognized fvui eqgua-
tion {1) az & = 03 but no furtier discumelon o tkis typs of
ingtability will be given in the pres:nt pepsr,

|"1I

'l

P STOAT, PARAMITERS

Zenerel Case

The finsl stability conditions sre erproesed in terms of
certaln composlts parometers that =zre obteined Traz cther basle
peramsters &g followm: Let A, B, C denote the principal
xoxnents of inertia of a si.ngla 'blsd.e {in a vecuum) aboub rndial,

choriviee, aad perrendleniar nues respsr“b:wely. The spparcnt
ﬂﬁc‘ﬂd. maes effect chenges B to &{1 + K), where K is the
ratio of the mmes of a cylinder of eir of & dismeber eguel to the
choil of the Llzde to th: mass of the blade, toth takeu for equal
length- alwng the span. A suitable average value applizd to temered
blades,

The effeckt of epparont sdiled mass on A end C has hesu
naglected 1na the pressunt commuisbtiors,

The following parzmoeters involve the clirculatory sir force
sxnreeslons for a single klade:
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‘R
H = - J Etrpbear‘? ar

R
f 2oy dr
0 > {3}

b

i

R
- 31 )
" 2npb 2(2 r dr
H

R
2/1 2
H5 = 2nph (-?:- - )I‘ dx
0 * /

vhere r 18 the spanwise coordinate along s blade, R 15 the tip
radive, and p, b, a have the same meaning as in wing flutter
theory (reference 2), namely:

o] mage of eir per unlt of volume
b half chord of blade
8 chordwiee distance of elsstic axls (apsumed to coincide with

center of mase) eft of midchord, divided dby b. Leadiag
edge 18 -1; trelling edge 1is 1.

For the two bladee rigldly connected so as %o have a coning angls B,
end collective pitch eetting 6, the corresponding paremetere, with
apparent mags included, ere:

- ~
A = A cos®B  + B(1 + k) 1n%6, 108, + C cos®8, ein®p;

Bt = B(1 + &) c0526° +C sineeo \ (&)

ot

A eineBo + B(1 + &) ein26° cosaﬁo +C cosp'eo coseﬂo

L
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Hi*=H, cos 8, cos B, ~Hy sin 6, sin B, (cos 264 cos B,+2 cos 8, 8In ﬁo)i

"Ell- sin 90 sin B, cos Bg + 3315 sin® Bo

ol

HE com 6 (coa 26, cos fio -2 Bin2 90 gin Bo)

-
It

s
-2, #in 8, cos B 8in B, coaeﬂo + My, cos 84 cos By coB” 2B,

t
1
*(5)
!
i
i
. t
35‘ = ~2Hy sin 8 sin B, cos B, + 1315 cos'éB,_, _J

G! - B! +31'
Fxi rg

o
I
e
>

{6)

3_"9!=

AR

.
where Eg 1= the spring constent in the festhoring degree of freedom,

Special Casss

For a homogensous rectanzulexr blade tre expressions ia eqaa-
tions (3) become
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m:d

2
2= (8)

If the blade mase 1l élgtridbuted in the plene of the agpan and chord

A+3 =20

£ BOB girdl other thlid-order ansio terms and certailsnt other com.

binztions of smell terms ore nes ected, equations (M) ar”. (5
become

1
i

AY = A + BB _ ' ;
1.'! ) 2 2
BF = B{1 + k) - KEO,

O = C - BpF + DK 2

e’ ” \‘
v

2. a2 .
F*-—ﬂé-ac"}i?— B9 B, ~ B0 p + H.8 7 (9
1T RLN 2 - Haf B = Hy9oF, + e r -
' N
7oea 24 2
Heo® @ Bafl = Zfuipmme.2o
ek 2 J

! ” 2
e ] al : \‘- ‘1. 6

Ep b EHAC R, o+ th} - ?Eﬁné—-mﬂ— :
\ = / !

> _ (M

~
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Cambining esustionz {6} {7), (B, end {9} 'glves

1

A A

I:B iﬂm?wz
3 xR 59o2+5o)
373 - )
EB“
l+1€-}€602
o 2
R 550 +60 R
w3 (2549, 10)
- —
1467
+A_ o
' 5!32-:-92 .
1 ®r )
H:D -aE}(-E--)CL- 02 °>--1:--b—eégo] (l+ii-l€e°2)
EB= B . 2}3 5005 + BSY
: (“zﬁo)?o:(l"“‘?“—
. s
Kot 5

.\

»(20)
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STABILITY &

Stability conditions ifh terma of phyaical paramstors can now
he computed from equetions (2) ol (10). Figure 1 is a plot of

ONK, /5 egainst B for fixed velues of the other paremetere.
The guantity ﬁi% A may be recognized os the natural frequency
of the control system and blade in featharing motion a% zero
coning sngle,

The following constant valuss were aseumed in the calculations:

1000

]

an

1000

ol et
H

A
!

= 0.018
By = 0.806
IB=1

Those values could be realized aprroximately, in & blade having
the following choracteristics:

Radivg, £a6h . v v v v v 4 4 e s s s e e e e e e e e - e . 2375
Chcr(l, f&at. - . n . - . - - - - - L) - - L) - - - - . . - . - ~ 1-5
Wolght, POUBAS . =« o v o « o o o - 1 o 2 s » o s « v s o o » o 180

The value € = O hase, For eimpliclity, been chosen in this first
calculation, An inspectlion of the equations indicates that pogitive
piteh angles 6 make the rotor more unatable. The effect of the
chiordw.ee center of mess upon the etebility ie indicated by the
different curvese., It ie noted in particular that instability can
ocour evenr if the conter of maes ie ahead of the 25-percent-chord
poeition.

DISCUSSION OF RESULTS

The pregent thzory appesrs to check, in a gensral way, the
Obeervaliona that instability of & two-blade ese-eaw rotor with a
coning angle can occur even wlil the center of mass at or ahezl
of the Z5.percent-chord poeitiocn,
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The theory shows that instabllity dspends strongly upon coning

cangle =nd te & lasser exbent upon plteh setting, A cbhuiy of e

paremsvers employed in the enelysic shows that I, and Hpy chenge

over i wide renge with changes of coring angise and plich sstiing,
vwhereas Iy and Hp are roletively inssnsitive to asgle clianges.

L appears =fter soms experience with this type of analysis that the
varamoters Ip anl Hp .- are uvzaful ones for dssigners to aitudy io
conasildering the eifect of verious design changes won stebilitvy.
Changzse that locreoase the positive value cf Ip Iimprove ths stabiliiy.
Examplos ars forward mevemsnt of the chordwise center of meas,
decreass of coning engle, and decroese of aspact ratio, The
verapster In arises from 8 term repressnting esrcdyramic damping
in feathorivs oscillaticn. This type of term is freauwenily ignered
in studies of rotor-blade gynamics, but it seens to he imrortant
fer evaluating ke efféctlvoness of imorszassd control sysiem
stiffaess 11 overcouing instedility. IT Hpy 1s arbitrerily sllowed
to ayprcech zerc in thu stebility conlitiomn (2}, this condition
reduces to '

I{l - Y< 0

which does not contaln Kg*. It can be shown that ths curves of
figure 1 then tecorw vertlcel straight lines and erronscusly
prallct that stebhility is indepsnisut of rotor speed and control-
system stiffnsss,

Conditicn {2} skows that if a rotor is stabls for R.f =0
1t will be stabls for all values of E,', Tiese points, cerxe-
spondirg to Xg* = 0, therefore represent importent suffinte:nd

conditions for stebility. If Ky' is allowed to apprcasi zero
in conditicn (2}, tze sufficlent curditicn for sbtadility becomes

1-1In

Ip ——— ~ 1+ Iy - B <0
Hy/H
piHp

The sart of thie expression that is sensitive to angle changes is
the parzmeter
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which cen be oxpreesed in the form

D A" + B - QY + Hy°

” By

For stability the perameter P should not be larger than a certain
positive quantity dctermined malnly by Bp. Changes in a ship that
decrzane the positive magnitude of P will improve the stabllity.
If P ig evaluated *n torms of angles from sgqustions (10),it
becomes, with cartain small terms neglccted

2
(1+2a) +23——+-e ofs B
-E"-F a)"hﬂ ﬁo-b]

HOW TO PREVENT INSTABITITY

Inscfar as the present theory hae include=d the corrsst degrses
of freedom and types of forces to account for the phencwsncn of
instability 1t can be used to indicate the effect of proposed
remezdles, such as the ilncrease of control-system ctiffness,forward
dioplacorent of chordwlse center of mase, dacreass of coulng Rrngls,
or decreace of aspect ratio,.

The gsneral result of ths anelysis ia that a sse-s3w rofor with
& coning engle ls more unstable thaen an airplans wing h:iving
corregponding paramelers. The additional unstabllizing effuct is
a3gociated with the difference in momente of inertia in flapping
and in rotation, A rotor is most stable when the moment of irertia
in rotetion C!' 1s larger than the moment of inertis in flapping BY,
The mein effect of increased coning angle appears to be to decreass Cf
without making a compengating changs in B!. Coafiguretions that
tond to confine the mass disteibutiom to the plarnse of roiation ere
therefcre desirsble for etebility. Configurations thet tend Ho
spread ovt tke mass 1n the plans of flapping are undoslirabls fer
gtabiliity,

)



NACA RM No. LEH23 13

Tue effect of mechenciel damping hes not been explicitly
treatei, but it ie expected to have a stebilizing effect by general
enalogy with wing flutter theory.

Langley Memorial Aeronauticzl Laboratory
Natioral Advisory Committee for Aeronautics
Langlsy Field, Va.
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